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COMPLETE SPECIFICATION 
Chemically Reacting Gases with Liquids 



We, Unilever Limited^ a Coii:^>any 
rcgrstered uodcr the tews of Great Britain, 
of Port SunHght, in the County of Chester, 
Eng-Jand^ do hei>ei>y declare the inventionj for 

5 which we pray that a patent may be granted 
to us, and tl^ mediod by which it is to 
be perfoimed, to be pardculaiiy descr&ed in 
and by the following statement: — 

This invendon relates to processes and ap- 

10 paratus for chemically reacting a gas with a 
liquid. 

In jmny reactions between gases and 
liquids, sudh as in <^oxinatioai, suBphation 
and su^)hanation processes, the action between 

15 the gas and the Hqtud phases is effective 
oniy when the and liqind molecuks arc 
brought ixttx> intimate contact, and the exo- 
thermic heat generated, or the endotbermic 
heat required, is removed frwn or added to 

20 the mixture of xeactants to control the rate 
of reaction or to bring it to compledon. It is 
with processes of this Jdnd that the present 
invemiofi is ooncesmed. 

Aocording to dhe invention there is pro- 

25 vided a process for chemically reacting a gas 
wkh a liquid, which process comprises: feed- 
ing the liquid leactant on to one surface of 
a rapidly rotting disc of a beat-con<hictive 
material $p that the, liquid leactant is ^nead 

30 across that surface in a fast xooving thin film 
by centrifugafi forces aridng from the motion 
in^jorted to the liquid reactant by the hie- 
tiooal <kag of the disc; exposing the liquid 
fihn to the fuscous reactant to cause the gas 

35 and the h'quid to react with ooe mother; 
and, as tlbe film flows acioss the disc of 
heat-coaductive material^ removing the exo- 
thermic heat of reaction from, or supplying 
the endoohernuc beat of reaction to| the liquid 

40 fi;lm through the disc of the heat-conductive 
materiaL 

Si&ch a process has the advantage that it 
provides not only a very short residence time, 
a very thin film of liqmd reactant, and 



despite the t&iimess of this film, a remark- 
ably high throu^put of commerdal signifi- 
cance, but also minimises back-mixing of the 
reaction product with tmreacted materia, thus 
helping the reaction to go to comf^edon and 
reducing the opportunity for imwanted sub- 
sequent reactions to occur. Moreover, as the 
fast moving thin film is caused to e3q>and 
radially as it progresses across the surface of 
the disc> the liquid at the gas-liqm'd interface 
is continually replaced so that the concentra- 
tion of moleciiles of reaction pitKioct at the 
interface is (tispersed immediat^y and fimlher 
liquid reactant molecules are presrated at tiie 
inteifaoe for reaction with the gas* 

The invention also provides apparatus for 
chemicaBIy reacting a ,gas with a liquid, which 
comprises a rotatable disc of a heat-ccmductive 
material, means for feeding a liquid reactant 
to the surface of one side of the disc and 
adjtacisit to its centre, so tibat when the disc 
is rotated the liquid reactant is ^3read across 
that surface in a fast moving -Am fflm by 
centrifugal forces arising from the motion 
imparted to the Hquid reactaiH: by the fric- 
tional drag <rf tlbe disc; means' for feeding a 
gaseous reactant to the space adjacent to 
the surface of the disc on which the Mquid 
film is formed for e^>osure of the Hquid 
fflm to the gaseous reactant, heat transfer 
means for removing heat from or st^plying 
heat to the surface of die opposite dde of 
the disc^ and means for collecting tiie reaction 
product frcwn the periphery of die disc. 

In order to irakc die most effective use 
of the tfrictional drag forces;, the surfaces of 
the rotatable disc shotild be substantially 
planar. Hie disc in use can, for example, 
be rotated at 1540 revolutiims per minme. 
The matertai of constructicm of the rotatable 
disc shoidd be one of good thermal conduc- 
tivity, for exsamplc mild steel, aiuminiimi, 
copper or silver, and those compcments in 
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contacc with reactants should be oi corrosion 
reastant material. 

Preferably the liquid reaccant is fed on 
to the disc over the whole 0f an area of 
5 -the surface of the disc surrounding the centre 
of the disc so that the most efficient tise is 
made of the disc surface, and the means for 
feeding the Qiquid reaccant to the disc is 
arranged accordingly. The way in wihidi die 

10 liquid is fed on to the rotating disc will 
influence tfie properties of the film formed 
and the performance of the apparatus. The 
liquid can advantageously be fed on to the 
disc in an even manner by providing a feed 

15 box at the end of the liquid feed pip^, such 
that a circular orifice, centred on the axis 
of the disc^ is produced between the feed 
box and the disc surface. The liquid reactant 
is conveniendy fed on to die disc througji a 

20 pas^ge in a stationary saa^t arranged co- 
axially with the rotating disa 

Prrferably the flow of gaseous reactant is 
concurrent with' the flow of liquid reactant, 
but conntercurrent flow can be employed in 

25 circumstances where there is advantage or no 
disadvantstge in allowing fresh gas tc contact 
(liquid reactant contaimn;^ a large proportion 
of reaction product, and it is desired to help 
the reacdcm to go to completion. The gaseous 

30 reactant can M desired be under superatmo- 
spheric pressure or reduced pressure: it can 
be fed ttoiugh a passage in a stationary shaft 
arranged co-axially with the rotating disc, 
preferably also one which carries the liquid 

35 reactant feed in a sq>arate passage. Its velo- 
city of entry should not be so gre^t as to 
strip the liquid film off the rotating disc. 
Hie gaseous reactant can suitably be exposed 
to the film of liquid reactant in a chamber 

40 defined by the rotating disc and a casing 
attached to the perimeter of the disc, the 
casing being rocatably mounted on the 
stationaiy sfaait. 

A stationary di^ is prolerably provided 

45 paralld «> and sh>htly displaced from, the 
rotating disCi so as to a>nfine the padi of 
the ga^Hxs reactant to the surface of the 
film of liquid reactan^ the gaseous reactant 
being fed eveidy into ^e space between the 

50 two discs, preferably at a point adjacent tc 
tiie liquid feed. The preseace of the stationary 
disc not only ensures flow of gas parallel 
to the liquid on the rotating disc surface, 
but also increases turbol^ce in ihe gas at 

55 the gas/Hquid intcrfecc, and thus improves 
the mass transfer performance bctweai the gas 
and liquid. 

In some iastances beating of the rotating 
disc surface opposite that on which the Qiquid 
60 reactant flows can be by means of radiation 
or canv^scdon type heating, and cooling can 
be by means of air or oSber gases, but the 
exot&ienmc heat of reaction is preferably re- 
moved from, or the endodiermic heat off re- 
65 action supplied to, the liquid film by causing 



a film of a heat transfer liquid to flow across 
die surface of the ade of the rotatin;g disc 
opposite that across which the liquid reactant 
flows, the heat transfer liquiH flowing across 
the disc surface by centrifugal forces arising 70 
from the motkin imparted to ft by the fric- 
tional drag of tfae disc. Advantageously such 
beat transfer liquid is fed on to t&e opposite 
side of the disc over the whole of an area 
of that surface surrounding the centre of the 75 
disc. When considering provision of rapid 
heat exchange with the reactant liquid it is 
not merely sufficient to obtain good heat 
transfer between tbe reacting liquid and the 
heat-conductive material, and an equallly good 80 
heat exdhangc performance between the heat 
transfer liquid and ifhe heat-conductive 
material is necessary. A particular advantage 
of carrying out the process using a filin of 
liquid heat tranter materisd as described 85 
above is that the heat exdianige advantages 
obtained by using a highly turbuknt thin 
liquid film are achieved on both sides of 
the heat-conductive material. 

AcGordingJy in apparatus of the invention 90 
the heat transfer means preferably comprises 
means for fccdir^ a heat transfer liquid to 
the surface of the <^posite side of the rocat- 
able disc and adjacent to its centre, so tfcat 
when tills disc is rotated the heat tianstfer 95 
•liquid is spread across that surface in a fast 
moving thm film by centrifugaH forces arising 
from tfae motion imparted to the heat transfer 
liquid by die fricrional drag of the disc, and 
the means for feeding the heat transfer liquid 100 
to the rotatable disc is preferably arranged 
for the feeding of liquid over the iK^<rfe 
of an area of the surface of the disc surround- 
ing 'ilhe centre of the disc. 

The reaction product can be collected from 105 
the periphery of the disc, for instance by a 
dip pipe^ and preferably from an axmular 
channel at the periphery o? the disc by a 
pipe whose inlet is witlun the channel, and 
made to flow througji a passage in a stationary 110 
shaft (arranged co-axiaHy with tbe rotating 
disc which carries ether passages ifcrough 
which the gaseous and liquid reaaants are 
fed to the disc A separate gas outttet from 
tiie reactor can be provided such as by a 115 
separate channel in the stationary shaft. This 
prevents further reaction between gas arid 
fiquid >from occurring after leaving the rotat- 
ing <fisc. This arrangement wOl normally only 
be used wbsn a stationary disc as described 120 
above is employed, as a stationary disc would 
then prevent the ^s escaping from the re- 
actor before it contacted rhe liquid film. The 
stationary disc can contain channels leading 
at one end to the periphery of the disc and 125 
connecting at the other end with tfae discharge 
channd through tfae stationary shaift, the whole 
being designed so that the reaction product 
is removed from the periphery of tie disc 
through these diannels rather than through a 130 
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dip pipe. This arrangement provides a more 
even removal of liqmd and reduces the widdi 
of the casing required. 

Depending on the rate of reaction and the 

5 heat of reacticm the liquid neactant can be 
passed through two or more units of apparatus 
of tihe invention in series. Fresh gaseous re- 
actant can be fed to cadi unit or the gas 
can pass through the series of units. Different 

10 liquid temperatures can be adopted in the 
statute imits, for instance to minimise side 
reactions, 

A process of the invention is particularly 
advantageous for carrying out sulphonaiion 

15 or sulphation reactions in which sulphur tri- 
oxide or a mixture of sulphur trioxide and 
air or an inert gas is reacted with organic 
compoimds, for example, hydrocaibons or 
fatty alcohols. 

20 Examples of .hydnxrarbons that can be 
sulphonated usin;^ die process of tlbe invention 
are the aromatic and aliphatic-aromatic 
hydrocarbons, e^>ecialiy those alkySbenzenes 
which on sulphonaiion give rise to products 

25 having surface-acdve properties. Examples of 
aliphatic-aromatic hydrocarbons are die aHcyl- 
ated benzenes having 9 — 18 caibon atcnns in 
the alkyl group. Odier su^>honati<m reactions 
that can be carried out arc those for sulphon- 

30 atii^ — Qs fatty acids to give alpiha sulpho- 
fatty adds. 

Fatty aflcohols which are reaiiily sulphated 
in accordance widi a. process of the invoidon 
are, for example, the straight chain alcohols 

35 containing 8 — ^20, preferably 12 — 18, carbon 
atoms. Ethylene o^ide derivatives such as the 
alkyli^enol-ethylene oxide cwrfensatcs, for 
example^ containing 9 — 12 carbon atoms in 
the alkyl group, of eifcylene oxide derivatives 

40 of Q — Qj, fatty alcohols, can also be 
sulphated using a process of die piesent 
invention. 

ExampBes of other reactions between gases 
and liquids in wdrich a process of the inven- 
45 tion oan be applied arc the ddorination of 
alkali for the prtwiuction of hypochlorite, the 
hydrogenation of edible oils, and die produc- 
• tion of amides by reacting ammonia with 
fatty acids. 

50 The gaseous reactant can be tflie vapour of 
a material which is liquid imder nonxxal 
atmos^ieric pressure or tanperature. Hie 
. liquid reactant can be a material wfaicfa is 
normally a soHd but ix^idi has been Hquefied 

55 by heating or obtamed in liquid form by 
dissoSution in a suitable solvent. Mixtures of 
gases or mixtures of liquid reactants can also 
be used. 

An embodiment of the invention will now 
60 be described with reference to the accom- 
panying drawing. 

Referring to the drawing, a disc 1 of heat- 
ooodijctive material is joined at its periphery 
to a <^sing 2 mounted on a bearing housing 
65 3 which rotates on bearings 4, 5 motmted 



on a toUow stadonaiy shasft 6. Between die 
casing 2 and the shaft 6 is arranged a scaling 
gland 7, 

In the shaft 6 are accommodated two steel 
tubes 8, 9 providing inlet passages 10, 11 70 
and an outlet passage 12. Tube 9 terminates 
in port 13, the free edge /14 of whidi is 
spaced by a narrow gap 15 from the soifece 
16 of disc 1, Passage 10 communicates through 
port 17 at the end of tube 8 with a space 75 

18 between the disc surface 16 and casing 
2. Passage 12 between shaft 6 and tube 8 is 
in communication with die inlet of a pipe 

19 whidi extends downwards througji space 

18 to an annular channel 20 defined by the 80 
periphery of disc 1 and casing 2. 

Disc 1 is extended at its periphery on the 
side farther from casing 2 to form a flange 
21 which is slipped to provide an annular 
gutter 22. Qose to the surface 23 on the 85 
reverse side of disc 1 is arranged a liquid 
feed box 24 over the end of which is sfiidably 
mounted art adjustable sleeve 25, the free edge 
26 of which is spaced a narrow gap 27 
from the surface 23 of disc 1. Hie liquid 90 
feed box 24 is provided with an inlet 28, 
and an outlet pipe 29 eittends into the annidar 
gutter 22. 

In opeiation, the disc 1 is rotated at fadgji 
speed bf suitable means (not shown) such as 95 
by an electric motor connected by belt and 
pvMcy to ls>usii^ 3. liquid reactant A is 
fed along channel .11 in t^>e 9 and is tinder 
pressure so that at port 13 there is main- 
tained a body of the liquid reactant A in 100 
contact with the disc surfe.ce 16 over an 
area surrounding the centre of the disc. The 
disc 1 rotated at high speed draws the liquid 
A out through the narrow gap 15 bervs^een 
the edge 14 of tube 9 and surface 16 and 105 
causes it to flow across tfae surface 16 of 
disc 1 as a thin, fast moving film under the 
influence of centrifugal forces taring from 
the motion imparted to the Mquid by the 
fiicdonal drag of the disc. 110 

The gaseous reactant B is fed jdcmg the 
passage ID between tidies 8 and 9 and is 
passed out throu|^ port 17 into the space 
18 between disc 1 and casing 2. Here the 
gas which is now exposed to idie liquid film 115 
moving over the disc surface 16 reacts with 
tije^ liqmd A, A very rapid and ooniplete re- 
action is possible <hie to the intimate and 
substandal contact between the molecules of 
tflie gas and those of the fast moving liquid 120 
film. 

The liquid reaction product G on reaching 
the periphery of disc 1 flows drcumferentially 
around the annular dannel 20, is collected 
by pipe 19, and passes with considerabCe 125 
kinetic energy along it and throu£^ passage 
12 between tube 8 and shaft 6. Any unreacted 
gas is removed with tiie reacdon product C. 

The heat of reaction is withdrawn from, or 
(where die reaction is endothcrmic) supplied 130 
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io, the reacdon nuxture by causing a heat 
ftransfer liquid D to flow oa tflie sunface 23 
of disc 1. Hiis heat transfer liquid is fed 
duwigh inlet pipz 28 into feed box 24 to 
5 maintain a bcniy cf Hqoid in contact with 
the surface 23 of the disc »lr over an area 
surrounding ifae caitre of the disc The heat 
transfer Hquid is diEEwn oat through gap 27 
between die edge of sleeve 25 and surface 23 

10 of disc 1 and flows rapidly as a thin film 
over surface 23. An Immediate and efficient 
heat transfer between the two Hquids flowing 
over the suifaces 16 and 23 of the disc 1 
is obtained. Ibe iheat transfer liquid J) on 

15 reaching the edge of disc 1 flows circumr 
ferentcaily in the annular gutter 22 and passes 
out through outlet^ pipe 29 mth considerable 
Idnetic ener^gy. 

Hie drawing also shows as an opdonal 

20 feature a stadonaxy disc 30 attached to port 
17 and expending diroug^ space 18 parallel 
to disc 1> leaving a gap 31 betweai its peri- 
phery and casing 2 for passage of the reaction 
product to channel 20 and pipe 19. 

25 The following Example illustrates the use 
of the apparams dracribed above without the 
staticHiary disc 30. 

Example 

This Exampfe conc^ns the sulphonadon of 

30 a commercial aDgrlbcnzcne hydrocarbon of 
average moiecnlar wei^ 245, whose; sSkyi 
poT ti on is essentially strai^t diain seomdary 
alkyl, using a mixtnre of sulphur trioxide 
vapour and air ets sulphonating medium*. The 

35 disc 1 had a diameter of 12^ inches and a 
thidcness of 3/16 inch, was constructed of 
mild ^ted, and was rotated at a speed of 
1,540 revoludons per minute. The hydro- 
carbon was si^plied at 20° C. and at a 

40 rate of 90 Ib.^. throi^ pipe 9 of J- inch 
diameter, the gap 15 between the end of 
pipe and the disc sur£ace 16 being 1/32 
indi. Ckroling water at 20** CL was sup0ied 
in a similar manner to the r everse side 23 

45 of die disc at a rate of 2,000 lb.^ir. A 
mixture of sulphur trioxide vapour and dry 
air in the repective proportions of tl:2 by 
vo3ume was siqiplied through passage 10 at 
a rate of 390 ailt,/i^. (at S.T.P.) Sidphon- 

50 aticMt occurred <m the disc surface 16 and 
the material left the apparatus at a tempera- 
ture in excess of 100** O. and was found on 
analysis to contain 93.7% of aJlq^iyi su^ho- 
nate together widi tmieacted eSkyiaxyl hydro^ 

55 ciarbons. Hhe materiai obtained from the ap- 
paratus was as aco^table in respect of colour 
as that obtained ^om a oonvendonal batch 
stirred-tank reactor. 

WHAT WE CnjOM IS: — 
60 1. A process for chemically reacting a gas 
with ai liquid, 'vdiich process comjmses; feed- 
ing the iQqi^ leaccant on to one surface of a 
rapidly lotating disc of a heat-conductive 



material so that the liquid reactant is ^nead 
across that surface in a fast moving tliin film= 65 
by c^trifirgal forces arising from the motion 
imparted to the liquid reactant by the fric- 
ticuial drag of die disc; exposing the liquid 
hhn to the gaseous reactant to cause the gas 
and the liquid to react witib one another; 70 
and, as the film flows across die disc of heat- 
conductive materidi, removing the exothemiic 
h^t of Tcacdon from, or supj%ing the cndo- 
thennic heat Of reacdon to, the liquid film 
througji the disc of heat-conducdve material. 75 

2. A process as claimed in Claim 1, in 
which the Siquid reactant is fed on to the 
rotating disc over the wftiole of an area cf 
the surface of the disc surrounding the centre 

of the disc. 80 

3. A process as claimed in Claim 1 or 
Claim 2j in which the exothennic heat of 
reaction is removed from, or the radodiermic 
heat of reaction suppHed to, the liquid film 

by causing a film of a heat transfer liquid 85 
to flow across the side of the rotating disc 
opposite that across which tihe liquid reactant 
flows. 

4. A process as claimed in Claim 3, in 
which the heat tranter liquid is fed on to 90 
the rotating disc over the whole of an area 

of that surface surrounding the centre of the 
disc. 

5. A process as claimed in any preceding 
chim, in whidi die reacdon product is col- 95 
lected from the periphery of the rotatii^ 
disc. 

6. A process according to Oaim 5, in 
whic& the reaction product is collected from 

an aimular chaimel at the periphery of the 100 
rotating disc by a pipe whose inlet is within 
the channel. 

7- A process as claimed in any preceding 
daim, in which the liquid reactant is fed on 
to the rotating disc thmu£^ a passage in a 105 
stad<maiy diaS arranged co-axially with the 
rotating disc. 

8. A process as claimed in Claim 7, in 
wilHch the gaseous reactant is also fed through 

a passage in the stationary shaft. 110 

9. A process as claimed in Claim 7 or 
Claim 8, in which the gaseous reactant is 
exposed to the filhn of liquid reactant in a 
chamber defined by die rotating disc and a 
casing attached to the periphery of the disc. 115 
the casing beuij rotatably mounted on the 
stationary diaft. 

10. A process as claimed in any erne of 
Oaims 7 to 9, in which the reaction product 

is collected from the periphery of tihe rotating 120 
disc and flows through a passage in the 
stationaiy sh^t. 

11. A process as daimed in any preced- 
ing claim, in which the path of the gaseous 
reactant is confined to the surface of the film 125 
of liquid reactant. 

IZ A process as claimed in any preceding 
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claim, in which die flow of gaseous reactant 
is concuirent with the liquid reactant. 

13. A process as ciaimed in any preced- 
ing daim, in whidi ilhe liquid reactant is an 

5 organic material and the gaseous reactant is 
sulphur trioxide. 

14. A process as claimed in Qaim 13, in 
which the organic material is a hydrocarbon. 

15. A process as claimed in Claim 14, in 
10 whidi the hydrocarbon is an aHcylbenzene that 

cMi sulphonadoa gives rise to products having 
surface-active pn^>eities. 

16. A process for chemicaHy reacting a gas 
with a liquid substantially as herein described 

15 vrith reference to the accompanying drawing. 

17. A process for dbemically reacdng a gas 
with a liqtud sctetandally as herein descri&d 
with referenjce to the &ample. 

tl8. A reacdon product when obtained by 

20 a. process daimed in any preceding daim. 

19. Apparatus for chemicaMy reaaing a gas 
with a liquid, which comprises a rotatable disc 
of a- heat-conductive matenal^ means rfor feed- 
ing a Hquid reactant to the airface of one 

25 side of the disc and adjacent to its centre, 
so that when the disc is rotatoi the liquid 
reactant is ^mad across that surface in a 
fast moving thin film by centrifugal forces 
arising from the moticm Imparted to the Hquid 

30 reactant by tihe fricdonal drag of the disc; 
means for feeding a gaseous reactant to the 
space adjacent to the surface ctf the disc m 
which the liquid Ghxt is formed for exposure 
of the liqmd him to die gaseous leactant, 

35 heat transfer means for removing heat from 
or siipplying heat to die surface of the 
opposite side of the disc, and means for 
collecting the reaction product from the peri- 
phery of the disc. 

40 20. Apparatus according to Qaim 19, in 
which tibe means for feeding the liquid re- 
actant to the rotatable disc is arranged for 
the feeding of liquid over the ^ole of en 



area df the surface of the disc surrounding 
the centre of the disc. 45 

21. Apparatus according to Claim 19 or 
Claim 20, in which the means for feeding 
the gaseous reactant includes a stationary 
disc arranged parallel with the rotatable disc 
so as to confine the path of the gaseous 50 
actant to the surface of the film of Hquid 
reactant. 

^22» Apparatus according to Qaim 21, in 
which die means for feec&ig die gaseous re- 
aoflirt: is di^sed for flow of the gaseous re- 55 
actant concurrent with the film of liquid 
reactant. 

23. Apparatus according to any one of 
Claims 19 to 22, in which the heat transfer 
means comprises means for feeding a heat 60 
transfer liquid to the surface of the opposite 
side of the roiatabfle disc and adjacent to 

its centre, .«> that when this disc is rotated 
the iheat transfer liquid is spread across that 
surface in a (Cast moving thin him by centri- 65 
fugal forces arising from the motion unparted 
to the heat transfjcr liquid by ihe frictronal 
drag of die disc, 

24. Apparatus acoording to Claim 23, in 
whidx the means for feeding the heat transfer 70 
hquld to the rotataWe disc is arranged for 

the feeding of liquid over the whole of an 
area of the surface of the disc surrounding 
the centre of the disc. 

25. Apparatus according to any preceding 75 
<iaim, in v/hkh the means for collecting the 
reaction product comprise an annular channel 

at the periphery of the rotating disc and a 
pipe whose inlet is within the channel. 

25. .^>paratus for chemicaMy reacting a gas 80 
With a liquid substantially as herein described 
with reference to the accompan3ring drawing. 

UNILEVER LIMITED, 

R. Jomsj 
Agent for the Applicants. 
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